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Inhaled nitric oxide does not improve systemic oxygenation after
bidirectional superior cavopulmonary anastomosisel, MD,a Boston, Mass, and Toronto, Ontario, CanadaInhaled nitric oxide (NO) is a selective pulmonary vasodilatorthat decreases intrapulmonary shunt fraction.1 We sought todetermine whether inhaled NO would ameliorate hypoxemiaafter bidirectional superior cavopulmonary anastomosis
(BCPA).
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The research and ethics review board approved the study, and the
parents of all children gave informed and written consent. We
included patients with systemic oxygen saturations of 75% or less
after BCPA without venous decompressing collaterals or pulmo-
nary disease. Patients were mechanically ventilated and studied on
the first postoperative day in the intensive care unit. From a stable
baseline, patients received a 15-minute trial of inhaled NO (80
ppm).2 During the trial of inhaled NO, ventilator parameters and
FIO2 were unchanged. In 5 patients, cyclic guanosine monophos-
phate (cGMP) levels were measured.2 One patient first received
inhaled NO in the cardiac catheterization laboratory because of
persistent hypoxemia after coil embolization of decompressing
venous collaterals. This same patient was readmitted 7 months
after BCPA with refractory hypoxemia as the result of respiratory
syncytial viral pneumonitis and was treated with 10 ppm NO.
Statistical Analysis
A paired Student t test with a Bonferroni correction for 3 compar-
isons was used. The difference between cGMP levels was com-ial; LVpared by the nonparametric Wilcoxon signed-rank test.
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We studied 26 patients with a median age of 0.5 years (range
0.2-13 years) and a weight of 6.5 kg (range 3-41 kg) who had
undergone BCPA. All patients were undergoing the second stage
of cardiac palliation for a functionally single ventricle. The diag-
noses were hypoplastic left heart syndrome in 19 patients, tricuspid
atresia with transposed great arteries with aortic obstruction in 3
patients, unbalanced atrioventricular canal defects in 2 patients,
Ebstein anomaly of the tricuspid valve in 1 patient, and double-
inlet left ventricle in 1 patient.
The results of the trial of inhaled NO are displayed in Tables 1
and 2. There was no change in systemic oxygenation in response to
inhaled NO. However, there was a significant decrease in superior
vena caval pressure. Plasma cGMP increased significantly.
One patient received a trial of inhaled NO during cardiac
catheterization to coil decompressing venous collaterals. After
deployment of coils, the aortic oxygen saturation increased from
50% to 62% with an FIO2 of 1.0. Inhaled NO changed aortic
saturation minimally from 62% to 64%. Superior vena caval mean
pressure decreased from 16 to 14 mm Hg. Pulmonary vein oxygen
saturation and oxygen tension increased from 97% to 99% and 94
to 260 mm Hg, respectively. This patient was readmitted with
respiratory syncytial viral pneumonitis, hypoxemia, and facial
edema without cavopulmonary obstruction. The inhaled NO was
administered at 10 ppm, systemic oxygen saturations increased
from 48% to 87%, and transpulmonary gradient decreased from 12
to 4 mm Hg. Treatment was continued for 93 hours with gradual
resolution of pneumonia.
The mean hemoglobin concentration was 13.9  2 g/dL, and
the methemoglobin concentration was 0.6  1.4 g/dL. Nitrogen
TABLE 2. Cyclic guanosine monophosphate levels in re-
sponse to inhaled nitric oxide after bidirectional superior
cavopulmonary anastomosis
SVC pmol/mL,
median (range)
Artery pmol/mL,
median (range)
Pre-NO 11.2 (9.4-14.0) 9.7 (9.2-13.2)
With NO 51.8 (30-124)* 54.8 (36-128)*
SVC, Superior vena cava; NO, nitric oxide.
*P  .04 pre-NO versus with NO.
TABLE 1. Hemodynamic and blood gas response to inha
anastomosis (mean FIO2 0.76  0.2)
Mean
SVCp
(mm Hg)
Mean CAp
(mm Hg)
TPG
(mm Hg)
Mean BP
(mm Hg)
SV
Pre-NO 17 3 7  2 9  5 65  11 33
With NO 15 3* 7  2 7  5 62  9 34
Post-NO 16 3† 8  2 8  4 63  12 31
Art, Systemic arterial; BP, blood pressure; CAp, common atrial pressure;
cava pressure; TPG, transpulmonary gradient. Values are mean  SD.
*P  .002 compared with pre-NO.
†P  .013 compared with pre-NO.dioxide levels ranged from less than 1 to 4 ppm.
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We found that inhaled NO does not improve systemic oxygen-
ation after BCPA in the absence of intrapulmonary shunting.
The decrease in superior vena caval pressure and increase in
plasma cGMP indicate that sufficient NO was delivered to
activate guanylate cyclase and cause vasodilation. This suggests
that pulmonary vasoconstriction does not limit pulmonary
blood flow or determine systemic oxygen saturations after
BCPA. In 1 patient with pulmonary venous desaturation, in-
haled NO enhanced ventilation perfusion matching with sub-
stantial improvement in oxygenation. Previous studies of the
effect of inhaled NO after BCPA are equivocal. In 4 patients,
oxygenation deteriorated when NO was withdrawn, and 5 pa-
tients demonstrated a 5% increase in systemic oxygen satura-
tion.3,4 Clinical details are insufficient to determine whether
these patients had pulmonary venous desaturation.3,4 In con-
trast, we showed in 26 patients that inhaled NO does not
improve systemic oxygenation in the absence of pulmonary
venous desaturation after BCPA. These observations suggest
that cardiac output and cerebral blood flow after BCPA are
more important determinants of oxygenation than pulmonary
vascular resistance. Indeed, recent studies demonstrated that a
strategy of permissive hypercapnia improves oxygenation after
BCPA.5,6 Although we report a “negative study,” it has impor-
tant implications both for the additional insight provided into
the unique physiology of BCPA and the therapeutic economics.
Inhaled NO has been transformed from an inexpensive medical
grade gas to a costly pharmaceutical grade gas. Therefore, the
use of inhaled NO should be justified fiscally and therapeuti-
cally. Our study suggests that after BCPA, strategies that in-
crease cardiac output and cerebral blood flow (eg, hypercapnia)
are more likely to improve oxygenation than inhaled NO unless
there is concomitant pulmonary venous desaturation.
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Bonanno’s catheter: A less invasive and cost-
effective alternative for drainage of pleural
effusion
Govind K. Chetty, FRCS, Maqsood M. Elahi, MRCS, Vishwanath Siddagangaiah,domPleural effusion is a common condition in both medicaland surgical specialties. Pleural drainage is a methodused to remove a collection of air, fluid, pus, or bloodfrom the pleural space to restore normal lung expansion
and function. In this context, although tube thoracostomy remains
the gold standard, it is quite invasive, requiring significant blunt
dissection, and therefore resulting in a great deal of patient dis-
comfort. We suggest Bonanno’s catheter as a less traumatic but
equally effective alternative. Bonanno’s catheter was first designed
for suprapubic bladder drainage1 and has been an important tool
for the urologist because of its efficacy, simplicity, and wide range
of applications. Its design is therefore well suited for drainage of
other serous fluid collection, including pleural effusion. However,
it is not suitable for frank hemothorax.
Technique
The patient is preferably positioned at 45° or sitting up, leaning
slightly forward. The entry site can be clinically identified by
means of percussion of the chest to elicit an area of stony dullness
around the midaxillary line. After the skin has been prepared and
the chest draped, local anesthetic is infiltrated up to the parietal
pleura. The presence of effusion should be confirmed by aspiration
with the same syringe as a guide. Bonanno’s catheter is assembled
as per the instruction kit, and a syringe is attached to one end
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damage to the catheter tip, and the catheter is inserted gradually
while applying constant suction on the syringe. As soon as serous
fluid is aspirated, the trocar is held in a static position while
advancing the cannula into the pleural cavity. The trocar is re-
moved, and serous fluid should flow freely from the catheter,
which can now be attached with the rubber tubing to a conven-
tional underwater drainage system. The catheter is sutured to the
skin, and a chest radiograph will confirm the position of the
catheter (Figures 2 and 3).
Conclusion
Apart from standard tube thoracostomy, which can be quite inva-
Figure 1. Bonanno’s catheter and syringe.
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